However, there are considerable regional differences. Therefore, Chinese government must consider the substantial contribution of residential consumption to carbon emissions when it aims to expand domestic consumption.
INTRODUCTION
The dramatic economic development and increase in disposable income have helped Chinese citizens to obtain a quality of life characterized by high quality food, comfortable living, healthcare and appreciation of western lifestyle (Hubacek et al., 2009 ). Accordingly, residents' energy consumption habit and preference shift due to the popularization of electric appliances and private transportation vehicles has resulted in a continual increase in total residential energy consumption (Figure 1 ). Although the share of residential energy consumption in total final energy consumption was relatively small compared to industry in China in 2010 (Figure 2 ), it will continue to increase with the economic development and the rise of household energy consumption (Zhou et al., 2009 ). In recent years, many studies have shown that the growth rate of carbon emissions by household consumption exceeded that of industry, and residential consumption has become a major growth point of energy consumption and carbon emissions (Schipperd, 1989; Kim, 2002; Linden, 2006; Pachauri and Spreng, 2002; Reinders, 2003; Bin and Dowlatabadi, 2005; Steg, 2008) . IPCC (2001) also suggested the change in consumption patterns as a possible approach to alleviate the effects of climate change. Thus, residential energy consumption is an important field for energy conservation apart from industrial production. Understanding the drivers for the increase of carbon emissions from the perspective of residential energy consumption has important implications for China's future energy and carbon emission policy. 
MSCE
In this paper residential carbon emissions in China's provinces were estimated from the final residential energy consumption and decomposed into several components using a log-mean Divisia index (LMDI) framework. In addition, since there are significant regional differences in climate conditions, natural resource endowment, energy-saving technologies, economic development level and consumption level, this research examines the influence of these socio-economic factors on household carbon emissions during the period of 2000-2010. This analysis is of great significance for establishing a local emission reduction strategy as well as realizing regional low-carbon economy development. The empirical analysis is undertaken in two stages. First, CO 2 emissions associated with residential energy consumption are calculated using the methodology of inventory composition developed by IPCC (2006) . Second, carbon emission change is decomposed into several components in order to identify the main determinant. The present study would help guide the household consumption behavior toward a sustainable low-carbon mode as China moves from a middle-income country toward a high income society.
The rest of this paper is organized as follows. Section 2 reviews the existing studies of carbon emissions associated with residential energy consumption. Section 3 describes the methodology of this study and the data source. Section 4 presents the empirical results of this study. Section 5 provides concluding remarks.
LITERATURE REVIEW
There is a large body of the literature focusing on total or industrial energy consumption and related carbon emissions. For example, Hasanbeigi et al. (2012) analysed the energy use of and output from seventeen industry subsectors in California and performed decomposition analysis to assess the influence of different factors on California's industry energy use. Andreoni and Galmarini (2012) used a decomposition technique to investigate the contribution of the main factors influencing the energy-related carbon dioxide emissions in Italy, and considered five economic sectors, namely, the agricultural sector, the industrial sector, the electricity and heat production sector, water and gas sector, the transport sector, and the services sector. Research in the field of residential energy consumption and related carbon emissions, however, is much less prevalent. Residential energy consumption is defined as the consumption of coal, petroleum, natural gas, heat and electricity by households, which is also called as "direct energy consumption" (Weber and Perrels, 2000) . The carbon emissions associated with each form of energy can be readily derived using established "carbon coefficients". Schipper et al. (1989) conducted one of the earliest studies focusing on residential energy consumption. Their research led them to conclude that approximately 45-55% of total energy use was influenced by consumer activities. Vringer and Blok (1995) estimated the direct and indirect energy consumption of households in the Netherlands,
and their results showed that 54% of energy consumption of household came from direct use. Pachauri and Spreng (2002) estimated direct and indirect energy requirements of households in India, and concluded that total residential energy consumption accounted for 75% of total energy consumption in India. In addition to the above research, there are many similar studies such as Reinders et al. (2003 ), Pachauri (2004 , Bin and Dowlatabadi (2005) , Cohen et al. (2005) , and Park and Heo (2007) .
Residential energy consumption and related carbon emissions in China have also attracted scholars' attention. Wei et al. (2007) Feng et al. (2011) analyzed and compared the impact of consumption by urban and rural households on energy use and CO 2 emissions among different regions and income levels in China. It can be seen that most of these studies focus on the estimates of carbon emissions associated with residential energy consumption, but the driving factors of residential consumption are hardly considered.
As for the methods, studies of CO 2 emissions mainly rely on the decomposition techniques, which allow analysts to identify the determinants of emission changes over time. Among the decomposition methods, scholars have identified logarithmic mean Divisia index (LMDI) as the most appropriate method for the decomposition of emission changes (Ang, 2004; Ang and Liu, 2007; Ang et al., 2003 ) . Reasons for this preference include the theoretical foundation of LMDI and its adaptability in applications. To be specific, among the Divisia and Laspeyres decomposition methods, the former can eliminate the residual item but the latter cannot (Ang, 2004) . Ang et al. (2003) also demonstrated that in terms of application and flexibility, the LMDI method has some advantages over the other decomposition methods (such as RMCI, RLI, and Shapley), especially in the field of energy policy studies. LMDI is also fully documented with applications in many countries. Among the studies, Wang et al. (2005) analyzed the change of aggregated CO 2 emissions in China from 1957 to 2000 and found that China had achieved a considerable reduction in its CO 2 emissions mainly because of the decline in energy intensity. Zha et al. (2010) examined the driving forces of residential carbon emissions in urban and rural China and found that energy intensity contributed most to the decline of residential CO 2 emissions while the income effect is responsible for the increase of residential CO 2 emissions.
This study differs from the existing studies by providing a comprehensive analysis of the drivers of China's residential energy consumption growth. It also investigates the determinants not considered by existing research. In addition, this study considers regional differences and analyzes the carbon emission changes in Chinese provinces.
METHOD AND DATA SOURCES

Conceptual and modeling issues
CO 2 emissions associated with residential energy consumption are calculated using the method for inventory composition developed by IPCC (2006) . It is related to the quantity of residential energy consumption, energy mix and CO 2 emissions factors.
Symbolically, 
v , is per capita consumption expenditure of typej resident in regioni ; i d is the urban and rural structure of population in regioni .
For the calculation of CO 2 emission coefficients, the carbon emissions from electricity use should take the fossil fuels used during the production, processing and final consumption into consideration. China's electricity is mainly generated from thermal power, hydropower and nuclear power. We use Equation (4) to calculate the CO 2 emission coefficient of electricity:
ω represents the direct consumption of the primary energy i by power sector j . i ρ represents the CO 2 emission coefficient of the primary energy i . The primary energies include coal, petroleum and natural gas and the power sectors include thermal power, hydropower and nuclear power sectors. Q represents the total electricity generated. Equation (5) shows the method to calculate the CO 2 emission coefficient of heat:
ϕ represents the direct consumption of primary energy i by heat sector and H represents the total generated heat.
Applying LMDI in its additive form, the change of CO 2 emissions associated with residential energy consumption between two years (t and
) is decomposed as follows: Each effect in the right side of Equation (6) can be computed through difference decomposition and seven computed equations (see Appendix for details). The CO 2 emission coefficients of various kinds of energy are viewed as constant in most studies for their stability, so the effect of change in CO 2 emission factor is equal to 0 in the decomposition analysis. Equation (6) can be simplified as follows:
. Data sources
The data Table 1 shows the change of CO 2 emissions associated with residential consumption in terms of total CO 2 emissions from residential energy consumption, per capita CO 2 emissions from residential energy consumption, per capita CO 2 emissions from urban residential energy consumption and per capita CO 2 emissions from rural residential energy consumption. It can be seen that total and per capita carbon emissions follow an Figure 3 shows the change of CO 2 emissions from residents' energy consumption of China's 30 provinces from 2000 to 2010. It can be seen that there were obvious differences among different regions. The growth of CO 2 emissions of Inner-Mongolia, Shandong, Guangdong, Heilongjiang were all more than 20 megatons, which were higher than other provinces, especially Guizhou, Hainan and Qinghai. In addition,
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CO 2 emissions associated with residential energy consumption
Guizhou was the only province whose CO 2 emissions from residential energy consumption decreased. These discrepancies indicated that it is worthwhile to identify the differences among regions.
Overall analysis
Based on the method described in Section 3, we investigate the change and its sources of China's residential carbon emissions during the period of 2000 to 2010. Table 2 shows the results of the decomposition analysis. It is found that the contributions of energy consumption structure, energy price, per capita consumption expenditure, and ratio of energy consumption expenditure in total consumption are much higher than those of population structure and population scale. Thus the former four played a more crucial role in China's total residential carbon emission increase. Additionally, it was found that the change of per capita consumption expenditure and population structure showed a positive effect on the growth of carbon emission throughout the analytical period, while the change of population scale and ratio of energy consumption expenditure in total consumption mainly exhibited a positive effect. A negative effect was revealed for the change of energy price. We will discuss these six driving factors one by one in detail. The change of the energy consumption structure consistently showed a strong negative effect on CO 2 emissions from residential energy consumption. It indicates that the structure of residential energy consumption was changing toward the optimization direction, which could be seen in Table 3 . More specifically, energy consumption structure changed significantly during the years from 2000 to 2010, when the proportion of coal in the total energy consumption dropped significantly, decreasing from 52.3% to 28.7%. On the contrary, the shares of natural gas, heat and electricity went up from 4.0%, 7.3% and 16.4% to 12.6%, 9.6% and 26.3% respectively. In particular, electricity experienced the largest rise. Because China's production of electricity and heat mainly relies on coal, non-fossil energies such as wind power, nuclear power, biomass energy, and solar energy should be encouraged. In addition, among the fossil fuels, the relative clean energy, gas, still accounts for only a small proportion in domestic primary energy consumption. Therefore, promoting the development of gas industries as well as gas consumption is a crucial issue in the short run for China. Time periods The change in energy price consistently exhibited a strong negative effect. This contribution values and contribution rates vary from -2.67 and -17.4% to 59.90 and 486.5% respectively. This was due to the increasing consumption of energy intensive products (e.g. household appliances such as a fridge and air-conditioners) and transportation products (e.g. family vehicles), which led to a sharp rise of electricity consumption and oil fuel consumption respectively. Additionally, there is a growing trend for residents to choose vehicles with bigger engines, leading to a rapid increase of carbon emissions. Therefore, China needs to control the growth of transportation products and energy intensive appliances, improve the energy efficiency of energyintensive electrical equipment and introduce energy efficiency label management.
Moreover, consumption and life style habits should be changed to encourage more use of public transport and purchase of low-emission cars.
The LMDI results also show that the positive effect of urbanization was small, with an average contribution value of 2.86. Because the consumption level and energy consumption quantity of urban residents is much higher than rural residents, urbanization promoted carbon emissions from residential consumption to increase to some extent. Although urbanization level rose from 36.22% to 49.68% in China during the past decade, the contribution of population structure change to residential carbon emissions was declining, which demonstrated that the effect of population structure change on carbon emissions was weakening as illustrated in Table 2 .
The LMDI results further imply that population scale change had some positive effect on carbon emissions from residential energy consumption, with the average contribution value of 2.963. China's net population increase was around 700 million during the period from 2000 to 2010. However, the contribution of population scale change to carbon emissions, similar to that of population structure, was declining and the effect of population scale change on carbon emissions was weakening during 2000-2010.
Regional comparative analysis
Given the size of each province, we use the contribution rate of each effect, expressed in percentage terms, to reflect changes. Ningxia and Tibet are not included in regional analysis because of missing data. Additionally, it's worth noting that Guizhou's CO 2 emission decreased during 2000-2010, which contradicts with other provinces. Figure 4 shows the contribution rate of the effects of energy consumption structure on CO 2 emissions were markedly different among the provinces during [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . The values of all provinces except Guizhou, Inner-Mongolia and Shanxi were negative indicating a reduction in carbon emissions in these areas. In terms of the absolute values of the contribution rates of energy consumption structure, Xinjiang, Tianjin and Jiangsu were the top three provinces with the rates of -571.0%, -278.0% and -242.9% respectively. In contrast, Guangxi, Shanxi and Inner-Mongolia had the least effect. In particular in the latter two, their contribution values and rates were positive which illustrated that the energy consumption structure of these provinces was evolving toward high-carbon direction and should be adjusted urgently. These regions should strengthen the optimization of energy consumption structure, reduce the consumption of coal, and increase the consumption of non-fossil fuels.
Figure 4
The contribution rate of the change in energy consumption structure
The data in Figure 5 shows that the contribution rates of the effect of change in energy prices are different among the provinces. Consistently, all these rates except for There were significant differences among these provinces concerning the contribution rates of the effect of change in residents' per capita consumption expenditure during 2000-2010 (see Figure 6 ). Except for Guizhou all the rates were positive which means that residents' per capita consumption expenditure drove carbon emission increases in all provinces. In terms of the effect of change in residents' per capita consumption expenditure, Hebei, Xinjiang and Yunnan were top three provinces with the biggest contribution rates, where the change in expenditure per capita caused an increase of local residents' carbon emissions. The absolute values of contribution rates of the three provinces are 447.1%, 391.3% and 360.6% respectively. Additionally, Guizhou was the only province with a negative contribution rate (-447.1%) which was due to a decrease in CO 2 emissions during the decade. The change in Guizhou's expenditure per capita was responsible for CO 2 emission reduction there. Sources: Authors' own calculation Figure 7 The contribution rate of the change in the share of energy consumption in total consumption expenditure There were differences among these provinces concerning the contribution rates of the effect of change in urban and rural population structure during 2000-2010 (see Figure   8 ). Most of these values are positive, indicating a contribution to the increase in carbon emissions. In view of the effect of change in the urban and rural structure of the population, Anhui, Hebei and Xinjiang were the top three provinces where the change in the structure led to an increase of local residential carbon emissions, with the contribution rates of 57.5%, 45% and 32.4% respectively. Urbanization of these provinces promoted energy consumption and carbon emissions. Inversely, the change in urban and rural population structure slowed down the CO 2 emissions in Shanghai,
Beijing and Hunan, with the contribution rates of -11.5%, -8.5% and -0.3%, respectively.
Sources: Authors' own calculation
Figure 8
The contribution rate of the change in urban and rural population structure while the change of population structure and scale showed a relatively minor effect. On the contrary, the change of energy consumption structure and energy price slowed the growth rate of carbon emissions. In addition, we also studied the different influences of these factors on household carbon emissions in China's provinces. The LMDI decomposition results showed that the regional differences were obvious for all the factors. Thus Chinese authorities should make policies according to local characteristics and implement pertinent policies with high effectiveness and efficiency. It is noted that this study calculated carbon emissions from residential energy consumption based on aggregate statistics. Since residential energy consumption is highly related to residents' daily behaviors, future research should take into account of consumer behaviors and examine household energy consumption more accurately from a microcosmic point of view.
The rise in per capita consumption expenditure and ratio of energy consumption expenditure in total consumption reflected that residents consumed more energy as a result of using more energy-intensive and high-emission commodities nowadays.
Therefore, it is necessary to take the environmental impact of household consumption into consideration and guide consumers toward choosing less carbon-intensive products and services，especially in high income provinces. In addition, the government could implement policies such as labeling and green levy programs which tax carbonintensive products, and encourage life style changes and consumer behavior towards more use of public transports more and energy-saving household appliances. During the past few years the Chinese government has carried out a series of policies to improve energy efficiency in vehicles and electrical appliances such as mandatory national fuel consumption standard and minimum energy efficiency standards for eight types of appliance products (Wang et al., 2010) . More stringent policies could be implemented to further improve energy efficiency given that there are still significant efficiency gaps (Zhao et al., 2012) . Only by adjusting energy consumption behavior reasonably can we mitigate domestic carbon emissions.
Among other factors, the change of energy consumption structure from low efficiency energy to high efficiency energy plays a crucial role in reducing household carbon emissions. However, the high ratio (more than 80%) of carbon emissions from coal consumption reveals that the structure optimization of household energy is still a formidable task for China. Since the share of natural gas consumption is too low and rural areas rely predominantly upon coal, greater efforts should be made to exploit clean energies and change the energy consumption structure further, particularly in rural regions. In addition, while less developed western provinces could optimize their energy consumption structure by reducing coal consumption the rich eastern provinces could reduce their energy intensity by the adoption of energy-saving technology (Wu, 2012) .
Thus, the role of new technology should be better applied to improve energy efficiency and hence reduce energy intensity. The energy price also contributes to carbon emissions reduction, which illustrates that the rise in price urges residents to change their life styles and consumption habits to reduce their spending on energy.
Furthermore, Wu (2012) found that energy intensity is responsive to energy prices in both the short run and the long run. Thus the introduction of an appropriate energypricing mechanism is important for reducing energy consumption and hence emissions in China. Recently, China has proposed a tiered residential electricity price scheme, which is aimed at reinforcing the effects of price leverage on energy consumption and promoting residential electricity conservation. This policy should therefore be encouraged and adopted widely in the country. 
